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Abstract 

Background: \n low hepatitis B virus (HBV)-prevalent countries, most HBV-infected persons are unaware of their status. We 
aimed to evaluate whether (i) previous HBV-testing, (ii) physicians decision to screen, and (iii) CDC's recommendations 
identified infected individuals and which risk-factor groups needing testing. 

Methods: During a mass, multi-center HBV-screening study from September 2010-August 2011, 3929 participants were 
screened for hepatitis B surface antigen (HBsAg), anti-HBs and anti-Hepatitis B core antibodies (anti-HBcAb). Questions on 
HBV risk-factors and testing practices were asked to participants, while participants' eligibility for HBV-testing was asked to 
study medical professionals. 

Results: 85 (2.2%) participants were HBsAg-positive, while 659 (16.8%) had either resolved HBV infection or isolated anti- 
HBcAb. When comparing practices, HBV-testing was more likely to occur in HBV-infected participants if Centers for Disease 
Control and Prevention (CDC) recommendations were used (Sensitivity = 100%, 95%CI: 95.8-100) than physicians' discretion 
(Sensitivity = 87.1%, 95%CI: 78.0-93.4) or previous HBV-test (Sensitivity = 36.5%, 95%CI: 26.3-47.6) (p<0.0001). Nevertheless, 
many non-infected individuals would still have been screened using CDC-recommendations (Specificity = 3 1.1%, 95%CI: 
29.6-32.6). Using multivariable logistic regression, HBsAg-positive status was significantly associated with the following: 
males, originating from high HBV-endemic region, contact with HBV-infected individual, without national healthcare, and 
intravenous-drug user (IDU). Of these risk-factors, physician's discretion for testing HBV was not significantly associated with 
participants' geographical origin or IDU. 

Conclusions: Missed opportunities of HBV-screening are largely due to underestimating country of origin as a risk-factor. 
Applying CDC-recommendations could improve HBV-screening, but with the disadvantage of many tests. Further 
development of HBV-testing strategies is necessary, especially before severe disease occurs. 
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Introduction 

Chronic hepatitis B virus (HBV) infection affects more than 350 
million people worldwide, of whom 600,000 die each year of liver- 
related diseases associated with long-term infection [1,2]. In 
Western countries, despite a relatively low prevalence and widely 



available access to vaccination, HBV remains one of the most 
frequent chronic infectious diseases, with a prevalence reaching 14 
million in the European region compared to 9 million with 
hepatitis C virus (HCV) and 1.5 million with human immunode- 
ficiency virus (HIV) [3] . 
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Despite this high disease burden, few HBV infected patients are 
aware of their chronic infection. For instance, data have shown 
that 77% of HBV-infected persons in the European region [4], 
65% in the United States [5] and up to 55% in France [6] are 
unaware of their status. These persons constitute a reservoir able 
to transmit HBV to other at-risk individuals and seek care at later 
stages of disease [7]. The high level of infection status unawareness 
can be explained by both the lack of knowledge in the general 
population or those at-risk [4,8,9,10] and the lightness given by 
health care providers and policymakers with respect to its public 
health impact [3,5]. 

As shown for HIV, identifying HBV-infected individuals 
through increased testing could be a necessary step towards 
decreasing the incidence of HBV [11]. However, testing recom- 
mendations are contentious across Europe. In France, there are no 
national guidelines, despite recent publication of the "National 
Plan for Hepatitis B and C" [12], and testing practices continue to 
be highly variable. The United States Centers of Disease Control 
and Prevention (CDC) do have official recommendations [7], in 
which individuals presenting with at least one of a large set of 
HBV risk-factors should be tested. To the best of our knowledge, 
the justification of such a strategy has never been evaluated in a 
diverse population, outside of specific risk-factor groups, such as 
clinics for sexually transmitted diseases (STD) [13], racial/ethnic 
minorities [14], immigrants [15,16] etc. In order to assess these 
issues and suggest opportunities for improvement, we conducted a 
large, HBV-screening study among persons having different HBV 
transmission risk-factors in a wide range of healthcare settings 
where screening, prevention, and/or vaccination services are 
provided. 

The general aim of the study herein was to determine the ability 
of various testing practices to identify infected and non-infected 
individuals. To this end, we first investigated if previous testing 
strategies reached HBsAg-positive persons and if these persons 
would have been tested by a physician. We then intended to 
evaluate whether identification of HBsAg-positive individuals was 
any different when applying CDC testing recommendations. 
Finally, we set out to compare what types of risk-factors distinguish 
persons with prior HBV-testing or testing via physician's discretion 
to those infected with HBV. 

Methods 

The OPTISCREEN-B program and study design 

The OPTISCREEN-B program (www.optiscreenb.fr) was a 
multicenter, cross-sectional study in the Paris metropolitan region. 
Initially, we conducted an evaluation of several rapid tests that 
could be used to identify the presence of serological markers 
typically used in screening for chronic HBV infection. In the sub- 
study herein, we aimed to perform a comprehensive evaluation of 
screening practices among participants included in the program. 

Ten centers, including a total of 75 study physicians, 
participated in the study. Healthcare centers were selected to 
represent those whose objectives included screening, prevention, 
and/or vaccination of diverse populations. More specifically, these 
centers provided one of the following services: free and anonymous 
sexually transmitted disease (STD) testing [Consultation de 
depistage anonyme et gratuite (CDAG) Belleville, CDAG Figuier, 
CDAG St Antoine]; testing for the general population [Centre 
d'examens de sante de la Caisse Primaire d'Assurance Maladie 
(CPAM), Consultation Voyage St Antoine], immigrants and 
persons with low socioeconomic status (Centre de Sante rue au 
Maire, Medecins du Monde, Policlinique St Antoine, Croix- 
Rouge Moulin Joly), or incarcerated individuals [Unite de 



consultations et de soins ambulatoires (UCSA)]. All centers were 
required to be in the Paris metropolitan region so that HBV- 
infected patients could be referred to a single hospital (Saint- 
Antoine Hospital, Paris) for subsequent care. 

The target screening population was persons potentially eligible 
for HBV-testing in healthcare centers, regardless of any HBV- 
testing recommendations. From September 2010 to August 2011, 
volunteers were asked to participate during their regular consul- 
tation if & 1 8 years old and could be available for further contact. 
Since one major factor steering the decision to test in practice is 
complete certainty of prior HBV-infection or vaccination status, 
participants with a confirmed HBsAg-positive, anti-HBsAg anti- 
body-positive, or anti-HBcAg antibody-positive test (requiring 
proof of result) were not included. This means that participants 
were still eligible if they declared having a previous test or 
vaccination but were unable to provide proof. Participants whose 
result was negative for all three HBV serological markers >6 
months prior were also eligible. Importandy, no participant was 
excluded based on nationality, legal situation or access to 
government-provided healthcare. All participants provided written 
informed consent in their native language and the protocol was 
approved by the Hotel-Dieu Hospital Ethics Committee (Paris, 
France) in accordance with the Helsinki Declaration. 

HBV risk-factor questionnaire 

A questionnaire was administered by a trained clinical research 
assistant during a face-to-face interview with the participant. 
Questions were asked in lay terms on a variety of socio- 
demographic characteristics (age, sex, country of origin, parent's 
country of origin, education, employment status) and healthcare 
coverage. A section on risk-factors of HBV transmission was 
modeled from CDC testing recommendations [7] and a previous 
questionnaire developed by the Institut de Veille Sanitaire [6], as 
well as other potential risk-factors. HBV-endemicity of birth 
country was established according to WHO classification (preva- 
lence of HBsAg-positive individuals): high (>8%), intermediate (2- 
8%), and low (<2%) [17]. Participants were also asked whether 
they had been vaccinated against HBV (verification of vaccination 
card was not performed). 

HBV serological battery and definition of HBV-infection 
status 

Full screening procedures have been detailed elsewhere [18] 
and are described in the supplementary file (Methods SI). HBV- 
infection status was based on serology and defined as in Figure 1. 
All HBsAg- and isolated anti-HBcAb positive individuals were 
contacted for a comprehensive medical exam at Saint-Antoine 
Hospital (Paris, France) in accordance with European recommen- 
dations [19]. 



HBV infection status 



HBV serology 



HBsAg anti-HBcAb 




HBsAg-positive 
Resolved infection 
Isolated anti-HBcAb+ 
Vaccinated 
Non-immunized 



+/- 
+ 
+ 



+/- 

+ 



Figure 1. Definition of HBV infection status. 

doi:10.1371/journal.pone.0092266.g001 
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Assessing HBV-screening in practice 

Three major facets of HBV-testing were evaluated. First, 
patients were asked whether they had a previous HBV-test. 
Second, participating physicians were asked via separate ques- 
tionnaire if they would have tested the participant regardless of 
inclusion in the OPTISCREEN-B study. Physicians were encour- 
aged not to change their habitual HBV screening practices. Of 
note, no center-specific, regional, or national recommendations for 
HBV-screening were available. In addition, they were not given 
study questionnaires filled out by participants nor a checklist of 
CDC testing recommendations. Finally, we applied the CDC's 
HBV screening recommendations (Figure 2), determining that a 
given participant would be tested if they stated yes for any one of 
the listed risk-factors in their questionnaire [7]. 

Statistical analysis 

We determined the predictive capacity of (1) a previous HBV- 
test, (2) physicians' discretion, and (3) CDC recommendations in 
testing HBsAg-positive individuals. Sensitivity (Se), specificity (Sp), 
positive and negative predictive value (PPV and NPV, respectively) 
were estimated for each testing condition. Area under the 
receiving operator characteristic (AUROC) was used to estimate 
(Se+Sp)/2 and were compared between testing strategies using a 
test of equality of ROC areas from an algorithm developed by 
DeLong et al [20]. 

In order to evaluate risk-factors for a (1) a previous HBV-test, (2) 
physicians' discretion, and (3) HBsAg-positive status, we used 
random-effects logistic regression to determine the univariate 
association between risk-factors and each outcome (previous HBV- 
test, physicians' discretion for HBV test, and HBsAg-positive 
status) while accounting for within-center correlation. With a 
solely predictive objective in mind, a multivariable logistic model 
was then constructed in a forward-stepwise fashion, selecting risk- 
factors with a p-value <0.05 and testing their significance when 
added to the model using a likelihood ratio test. After developing 
the full model, covariates with p-values>0.05 were then removed 
one-by-one to obtain the final model. Specification error was 
tested by a link test for single-equation models without accounting 
for within-center correlation. Since many of the covariables were 
expected to be highly associated, tolerance (for any one variable, 



defined as 1 -R 2 determined when all other variables are regressed 
on that variable) and variance inflation factor (VIF, 1 /tolerance) 
were used to determine the extent of collinearity. If all variables in 
the model are uncorrelated, both statistics are expected to be 1. 

All statistical analyses were performed using STATA (vl2.1, 
College Station, TX, USA) statistical software and significance was 
determined using a j6-value<0.05. 

Results 

Study population 

Study flow diagram is provided in Figure 3. Among the 3929 
individuals included in analysis, demographic characteristics and 
prevalence of various risk-factors for HBV transmission are 
presented in Table 1 . Among the more commonly focused groups 
of individuals at risk for HBV-infection, 43.8% were born in a 
country of intermediate or high HBV-endemicity, 45.7% had >1 
sexual partner 1 2-months prior, 23.1% had either no healthcare or 
healthcare assistance [currently using programs provided by the 
French government in the form of a Couverture Medicale 
Universelle (CMU) or an Aide Medicale d'Etat (AME)], 10.6% 
were men who have sex with men (MSM), and 0.6% were 
intravenous drug users (IDUs). 

Overall, there were 85 (2.2%) participants with positive HBsAg- 
serology, 528 (13.4%) with resolved HBV-infection, 131 (3.3%) 
with isolated anti-HBc Ab, 1710 (43.5%) vaccinated, and 1475 
(37.5%) non-immunized. As shown in Table 2, many of the 
participants from high HBV-endemic countries had either positive 
HBsAg-serology or previous HBV-infection (58.4%). Of note, 
approximately one-third of participants were non-immunized 
across all HBV risk groups, with the exception of those from an 
intermediate HBV-endemic country (55.7% non-immunized). 

Performance of HBV-screening practices 

Previous HBV-testing. Overall, 1199 (30.5%) participants 
claimed that they had been previously tested for HBV. Unsur- 
prisingly, previous testing practices did not reach the majority of 
HBV-infected participants (Table 3), indicated by a poor Se 
(36.5%) and PPV (2.6%). This translates into 54/85 HBsAg- 
positive patients who would have benefited from HBV-testing and 
conversely 1 168 persons who had a previous test without HBsAg. 



Populations recommended or required for routine testing for chronic hepatitis B virus (HBV) 
infection 

Persons bom in regions of high and intermediate HBV endemicity (HBsAg prevalence>2%) 

U.S.-born persons not vaccinated as infants whose parents were born in regions with high 

HBV endemicity (>8%) 

Injection- drug users 

Men who have sex with men 

Persons needing immunosuppressive therapy including chemotherapy, immunosuppression 
related to organ transplantation and immunosuppression for rheumatologic or 
gastroenterologic disorders 

Persons with elevated ALT/AST of unknown etiology 

Donors of blood, plasma, organs, tissues or semen 

Hemodialysis patients 

All pregnant women 

Infants born to HBsAg-positive mothers 

Household, needle sharing or sex contacts of persons known to be HBsAg positive 

- Persons who are the sources of blood or body fluids for exposures that might require 
postexposure prophylaxis (e.g. needlestick, sexual assault) 

- HIV positive persons 

Figure 2. CDC recommendations for HBV screening. 

doi:1 0.1 371 /journal.pone.0092266.g002 
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Screened for eligibility 
N= 5393 



Included in the study 
N= 3997 



Included in the primary analysis 
N=3929 



Excluded for logistical reasons 
N=315 

- Emergency medical priority, n= 100 

- Non specified, n=215 



Non eligibility 
N=562 

- HBV status documented, n= 427 

- Not available for further contact, n= 



135 



Refusal 
N=519 

- Only want HIV testing, n= 16 

- Testing refusal, n= 95 

- Not concerned, n= 71 

- Refuse study participation, n= 26 

- Not to provide contact information, n= 79 

- HBV status already known (not documented), n= 

- Others, n= 128 



104 



Incomplete HBV serology 
N=68 



Figure 3. Study Flow Diagram. 

doi:1 0.1 371 /journal.pone.0092266.g003 



With an AUROC at 0.53 (95%CI: 0.48-0.58), previous testing did 
not appropriately identify HBsAg-positive participants. 

HBV-testing as recommended by the physician. When 
asked if a participant needed HBV-testing, physicians recom- 
mended that 2615 (66.6%) should be tested. As shown in Table 3, 
physicians were likely to test HBV-infected individuals 
(Se = 87.1%). Nevertheless, 11/85 HBV infected patients would 
have missed the opportunity for HBV-testing and a large number 
of individuals would have been tested despite being non vaccinated 
or immunized (Sp = 33.9%). 

Applying CDC guidelines for HBV-testing. When using 
CDC HBV screening recommendations [7] (Figure 2), all infected 
patients would have been tested for HBV (Se= 100%). Conse- 
quently, the area under the ROC was significantly higher for CDC 
recommendations (0.66) than physicians' discretion (0.61) or even 
previous HBV-test (0.53) (/><0.0001). 

Differentiating HBV-screening practices within 
HBV-infection groups 

Since HBsAg-positive, resolved HBV-infection, and isolated 
anti-HBc Ab participants all had exposure to HBV, it would be 
extremely difficult to clinically differentiate the need for HBV 
testing between them. We conducted sensitivity analysis in which 
these three groups were compared to vaccinated or non- 
immunized patients. As shown in Table 4, there were no 
substantial differences in Se and Sp between the three categories, 
regardless of the HBV-screening practice considered. Among 
those not exposed to HBV; 975 (30.6%) had a previous test, 2074 
(65.1%) were recommended screening by the physician, and 2015 
(63.3%) would have been tested when applying CDC recommen- 
dations. 



Contrasting determinants of HBV testing practices to 
HBsAg-positive status 

Univariate analysis examining the determinants of individual 
HBV testing practices and HBsAg-positive serology are found in 
Table S 1 . In multivariable analysis (Table 5), the following groups 
were significandy associated with having been previously tested for 
HBV: claimed to have been vaccinated, parents from high HBV- 
endemic region, having a surgical intervention in a high HBV- 
endemic region, close contact with an HBV-infected individual, 
MSM, IDU, previously incarcerated, and having more than one 
sexual partner (lifetime or within the past 12 months). Of note, 
participants not currently under the national health plan were not 
significandy associated with a previous HBV test in the final 
model. 

With respect to physician's discretion, participants with younger 
age, with parents from a high HBV-endemic region, previously 
incarcerated, with a health insurance plan other than the national 
social security, and with >1 sexual partner within the last 12 
months were more likely to be tested for HBV in the multivariable 
model. Meanwhile, participants claiming to be vaccinated and 
MSM were significantly less likely to be tested by the physician. 

Finally, independent determinants of HBsAg-positive serology 
were identified as follows: male gender, born in and having parents 
from a high HBV-endemic region, close contact with an HBV- 
infected individual, IDU, and having a health insurance plan other 
than national social security. As expected, those claiming to have 
been previously vaccinated were significandy less at risk of being 
HBsAg-positive (£ = 0.02). 

Discussion 

Our study is one of the largest and more recent examining HBV 
screening in a population with diverse HBV risk-factors performed 
in European country. We observed that individuals coming from 
intermediate and high HBV-endemic regions are in most need of 
HBV-testing and, while these individuals were more likely to be 
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Table 1. Characteristics of the study population. 




n (%) (N = 3929) 


Male 


2196 (55.9) 


Age* [N = 3928] 


33 (25-45) 


Claimed to have been vaccinated 


1384 (35.2) 


HBV prevalence of birth country 


Low (<2.0%) 


2208 (56.2) 


Intermediate (2.0-8.0%) 


805 (20.5) 


High (>8.0%) 


916 (23.3) 


Parents born in high HBV-endemic region [N = 3916] 


1113 (28.4) 


Traveled to high HBV-endemic region 1 


1155 (29.4) 


Sought care in high HBV-endemic region 


804 (20.5) 


Health insurance plan 


Social security 


3023 (76.9) 


CMU 2 


227 (5.8) 


AME 3 


177 (4.5) 


Other 


28 (0.7) 


None 


474 (12.1) 


Surgical intervention 


2437 (62.0) 


Received transfusion before 1992 


133 (3.4) 


Received acupuncture 


537 (13.7) 


Received tattoos 


530 (13.5) 


Received piercing 


1706 (43.4) 


Close contact with an HBV + individual 


304 (7.7) 


Number of lifetime sexual partners 


0-1 


690 (17.6) 


2-9 


1717 (43.7) 


>10 


1522 (38.7) 


>1 sexual partner within the last 12 months 


1797 (45.7) 


Men who have sex with men 


416 (10.6) 


Nasal drug-use 


431 (11.0) 


Intravenous drug-use 


23 (0.6) 


Long-term stay at a medical center 


155 (4.0) 


Previously incarcerated 


201 (5.1) 


Main clinical services provided at recruiting center 


General care and testing 


1108 (28.2) 


Free and anonymous STD testing 


1859 (47.3) 


Immigrant and low SES care 


913 (23.2) 


Care and testing for incarcerated individuals 


49 (1.2) 


*Median (IQR) given instead. 

1 Period of stay was longer than 3 months. 

2 Couverture medicale universelle, health insurance coverage that is given to 
persons living in precarious situations (i.e. unemployed, poverty, etc.). 
3 Aide medicale d'etat, health insurace generally given to immigrants without 
proper documentation. 
doi:1 0.1 371 /joumal.pone.0092266.t001 



previously tested for HBV, they were not likely to be screened by 
the physician. More concerning was that individuals without 
national health insurance were at significant risk of having HBs Ag- 
positive serology, yet were not likely to have had a previous HBV- 
test. The fact that physicians identified the need to test this specific 
population suggests that targeted campaigns are feasible. This 
study has particular interest in France, which hosts a large number 
of immigrants from intermediate to high HBV-endemic regions 
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and is increasing funds for larger health coverage among them 
[21]. 

Certain caution should be given to the generalizability of our 
results. We observed a 2.2% prevalence of chronically HBV- 
infected individuals and 18.9% with past HBV-infection, corre- 
sponding to the prevalence criteria for moderate HBV-endemic 
countries. These estimates are almost two times higher than those 
observed in population-based studies in French metropolitan 
regions (HBsAg-positive: 0.8 and past HBV-infection: 10.8% [6]). 
These differences can be explained by a number of factors. First, 
we included a higher proportion of marginalized populations, such 
as immigrants, persons from lower socioeconomic status, and those 
without healthcare or needing healthcare assistance. Accordingly, 
there were roughly four-times more individuals born in high-HBV 
endemic countries in our study population (23.3%) than estimates 
from the Ile-de-France region (5.4%) [22]. It should be stated that 
these populations are usually underrepresented or ignored in 
prevalence estimates [6,14,23]. Second, our study population was 
mainly seeking care at free and anonymous STD testing centers 
and was also slightly younger than the general population (median 
age: 33 versus 39, respectively) [24]. Third, we excluded any 
patient with a confirmed, positive test for HBsAg, anti-HBsAg Ab 
and/ or anti-HBcAb. The reasons for this exclusion criterion were 
driven by our clinical experience. Taken together, our intent was 
not to represent the general population in what might be 
considered a "universal" screening campaign, rather those 
individuals who could be potentially eligible for HBV testing 
specifically in healthcare settings with screening, prevention, and/ 
or vaccination services. 

Judging from previous HBV-testing, it would appear that 
screening practices had been based on a wide-range of at-risk 
populations, but a proportionally higher amount of testing was 
performed among IDU, MSM, and persons with more than one 
sexual partner. When comparing these results to HBsAg-positive 
individuals, IDU and those without health insurance were 
certainly at need for screening, but previous testing practices 
would seem, as previously suggested [13], to overemphasize sexual 
practice as a risk-factor. 

We also clearly demonstrate that CDC recommendations allow 
for a more efficient testing strategy than via physicians' discretion 
or previous testing strategies. When looking at individual 
classification probabilities, it comes as no surprise that CDC 
criteria, with thirteen extremely diverse criteria, had perfect 
sensitivity in our study. In addition, a major advantage of the CDC 
recommendations is its capacity to practically eliminate missed 
opportunities of HBV-testing (i.e. patients needing testing who 
were not tested), contrary to physician's discretion where 12.9% of 
HBsAg-positive patients would not have been tested for HBV. 
However, screening recommendations such as these come with the 
disadvantage of many tests, the extent of which has not yet been 
formally evaluated. From our data, the specificity was remarkably 
poor, putting into question whether the current recommendations 
are too overreaching. Still, the specificity of physician's discretion 
for HBV-testing was very similar to CDC recommendations, 
implying that there could be some benefit to applying these 
recommendations. 

Nevertheless, one important consideration when testing for 
HBV is the complexity of HBV infection itself. HBV-exposed 
individuals (i.e. HBsAg-positive, resolved infection, isolated 
HBcAb-positive) all share common transmission risk-factor pat- 
terns, yet not all are infected. We observed that the Se and Sp of 
these three infection groups did not change when compared to 
nonimmunized/vaccinated individuals, suggesting that all strate- 
gies share the common difficulty of distinguishing HBV-infected 
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Table 2. HBV-infection status within groups of risk-factors for HBV transmission. 





HBV infection status 


N 


Zone of HBV-endemicity 




>1 sexual partner 
within 12 mo.s 


MSM 


IDU 






Low 


Int. 


High 










77=3929 


77 = 2208 


77 = 805 


n = 916 


77= 1797 


77=416 


77=23 


HBsAg-positive 


85 (2.2) 


1 (0.1) 


15 (1.9) 


69 (7.5) 


18 (1.0) 


1 (0.2) 


2 (8.7) 


Resolved infection 


528 (13.4) 


52 (2.4) 


119 (14.8) 


357 (39.0) 


138 (7.7) 


39 (9.4) 


1 (4.4) 


Isolated Anti-HBcAb 


131 (3.3) 


5 (0.2) 


17 (2.1) 


109 (11.9) 


29 (1.6) 


9 (2.2) 


3 (13.0) 


Vaccinated 


1710 (43.5) 


1368 (62.0) 


206 (25.6) 


136 (14.9) 


1009 (56.2) 


248 (59.6) 


9 (39.1) 


Non immunized 


1475 (37.5) 


782 (35.4) 


448 (55.7) 


245 (26.8) 


603 (33.6) 


119 (28.6) 


8 (34.8) 



HBV, hepatitis B virus; Int., intermediate; MSM, men who have sex with men; IDU, intravenous drug use. 
doi:1 0.1 371 /journal.pone.0092266.t002 



individuals. Our findings highlight that recommendations should 
address this particular issue. 

Several other limitations need to be addressed in our study. 
First, CDC recommendations for HBV screening were discussed 
during investigator meetings and the on-site presence of 
OPTISCREEN-B study personnel was fairly obvious. Even 
though we explicidy asked physicians if they would have tested 
each individual for HBV despite participating in the study, we 
cannot rule out any potential observation bias that physicians were 
more inclined to test for HBV. Second, since this was a 
convenience sample from a previous validation study, we did not 
incorporate any specific sampling scheme in the study design and 
therefore our results were not corrected to represent the general 
population using weighted estimates. Furthermore, as an ancillary 
objective was to comprehensively evaluate the clinical status of all 
HBV-infected patients, we chose not to include an overly large 
catchment area so that all patients could be followed at a single 
center. Third, there were certain issues concerning the models. 
Many risk-factors were highly correlated, especially between 
parents from high endemic countries, no health insurance plan, 
and born in intermediate/high HBV-endemic regions. The 
collinearity of these variables had most likely a modest impact 
on the models, as determined by the variance inflation factors. 
Model overfitting could have also occurred when predicting risk- 
factors for HBsAg-positive status, in particular for IDU and born 



in intermediate/high HBV-endemic regions. However, due to 
their importance, we decided not to exclude them from the model. 
Finally, despite the majority of exclusions being due to prior 
confirmed tests and not for logistical reasons, there was a notable 
percentage of patients refusing participation in the study. 
However, it should be stated that participation rates in our study 
were similar, if not higher, than previous studies. [13,25,26] 
Notwithstanding these limitations, this study does have several 
important features, including diverse recruiting centers, large 
number of participating physicians, broad inclusion criteria, and 
complete HBV serology. 

In conclusion, although our study population may not be fully 
representative of the general population, we demonstrate that 
more emphasis needs to be placed on testing individuals from 
intermediate to high HBV-endemic countries, IDUs, and limited 
access to health care; but not necessarily those with increased 
sexual activity. CDC recommendations may provide additional 
benefit when compared to physicians' discretion, yet both have the 
disadvantage of many tests. Future research should aim at 
increasing awareness of HBV-infection status with the use of 
rapid HBV testing, whose ease of use could meet the need for an 
immediate testing result. These testing strategies are reliable [18] 
and could increase linkage to care, thereby reducing lost to follow- 
up and possibly increasing cost-effectiveness. Although our study 
focused on more successful strategies to screen infected individuals 



Table 3. Performance of testing practices for HBsAg-positive individuals. 





N 


HBsAg-positive 77 (%) 




Classification probabilities (%) 












Yes (77 = 85) 


No (77=3844) 


AUROC (95%CI) 


Se 


Sp 


PPV 


NPV 


Previous test 


Yes 1199 


31 (36.5) 


1168 (30.4) 


0.530 (0.478-0.582) 


36.5 


69.6 


2.6 


98.0 


No 2730 


54 (63.5) 


2676 (69.6) 












Test per physician's discretion 1 


Yes 2615 


74 (87.1) 


2541 (66.1) 


0.605 (0.568-0.641) 


87.1 


33.9 


2.8 


99.2 


No 1313 


11 (12.9) 


1302 (33.9) 












Test per CDC recommendations 2 


Yes 2735 


85 (100) 


2650 (68.9) 


0.655 (0.648-0.663) 


100 


31.1 


3.1 


100 


No 1194 


0 


1194 (31.1) 













'if the study physician would have tested the participant for HBV per study center's protocol. One non-exposed participant had missing information and was excluded 
from this analysis. 

2 lf a participant would have been tested using the Center for Disease Control and Prevention (CDC) criteria for HBV screening [7]. 
doi:1 0.1 371 /journal.pone.0092266.t003 
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Table 4. Comparison of testing practices with respect to HBV-infection status. 





N 


HBV-disease status n (%} 








H BsAcj positive 


Resolved infection 


Isolated Anti-HBc Ab 


Non immunized/Vaccinated 


Previous test 1 


(n = 85) 


(o = 528) 


(n=131) 


(n = 3185) 


Yes 1199 


31 (36.5) 


147 (27.8) 


46 (35.1) 


975 (30.6) 


No 2730 


54 (63.5) 


381 (72.2) 


85 (64.9) 


2210 (69.4) 


Se/Sp* 


36.5/69.4 


27.8/69.4 


35. 1/69.4 




AUROC* 


0.529 


0.486 


0.523 




Test per physician's discretion 1 


(o = 85) 


(o = 528) 


(n = 131) 


(0 = 3184) 


Yes 2615 


74 (87.1) 


376 (71 .2) 


91 (69.5) 


2074 (65.1) 


No 1313 


11 (12.9) 


152 (28.8) 


40 (30.5) 


1110 (34.9) 


Se/Sp* 


87.1/34.9 


71.2/34.9 


69.5/34.9 




AUROC* 


0.610 


0.530 


0.522 




Test per CDC recommendations 2 


(o = 85) 


(o = 528) 


(n=131) 


(0 = 3185) 


Yes 2735 


85 (100.0) 


505 (95.6) 


130 (99.2) 


2015 (63.3) 


No 1194 


0 


23 (4.4) 


1 (0.8) 


1 1 70 (36.7) 


Se/Sp* 


100/36.7 


95.6/36.7 


99.2/36.7 




AUROC* 


0.684 


0.662 


0.680 





*Comparing HBV-status in column with non-immunized/vaccinated individuals. 

the study physician would have tested the participant for HBV per study center's protocol. 
2 lf a participant would have been tested using the Center for Disease Control and Prevention (CDC) criteria for HBV screening. [7]. 
doi:1 0.1 371 /joumal.pone.0092266.t004 



Table 5. Determinants of testing practices and HBsAg-positive status. 







Previous HBV-test N = 


3916* 


Eligible for HBV screening 
per physician's discretion 1 
N = 3914** 


HBsAg-positive 
serology N = 3916* 




Risk-factor 


OR (95% CI) 


P 


OR (95% CI) 


P 


OR (95% CI) 


P 


Female vs male 










0.50 (0.31-0.82) 


0.006 


Age (per year) 






0.98 (0.98-0.99) 


<0.001 






Claimed to have been vaccinated 


2.50 (2.14-2.91) 


<0.001 


0.26 (0.21-0.30) 


<0.001 


0.36 (0.16-0.82) 


0.02 


Parents from high HBV-endemic region 


1.62 (1.35-1.94) 


<0.001 


1.32 (1.08-1.61) 


0.006 


4.05 (2.17-7.55) 


<0.001 


Surgical intervention in high 
HBV-endemic region 


1.31 (1.11-1.53) 


0.001 










Close contact with HBV + individual 


1.82 (1.40-2.37) 


<0.001 






2.30 (1.23-4.30) 


0.009 


Men who have sex with men 


3.03 (2.40-3.83) 


<0.001 


0.74 (0.58-0.96) 


0.02 






Intravenous drug-use 


4.33 (1.44-13.03) 


0.009 






19.05 (3.18-114.06) 


0.001 


Previously incarcerated 


1.52 (1.07-2.15) 


0.02 


1.59 (1.01-2.51) 


0.04 






Born in Int/High HBV-endemic 
region (>2.0%) 










32.92 (4.37-248.08) 


0.001 


No health insurance plan 2 






1.78 (1.36-2.32) 


<0.001 


1.87 (1.04-3.36) 


0.04 


>1 lifetime sexual partner 


2.04 (1 .60-2.62) 


<0.001 











For each endpoint, all variables in the risk-factor column were used in the multivariable logistic regression model except for those with " — ". Further details on model 
construction are provided in Table SI, 

^Thirteen patients were excluded from analysis as they had missing data on parent's geographical origin. 

**Fifteen patients were excluded from analysis as 13 had missing data on parent's geographical origin, one had missing age, and one had missing physician's 
recommendation for testing. 

Endpoint defined as if the study physician would have tested the participant for HBV per study center's protocol, 
includes participants with government assistance (CMU, AME) and "other" health insurance plans. 
doi:1 0.1 371 /joumal.pone.0092266.t005 
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and ignored the clinical implications of a negative test, it should be 
further evaluated whether testing can be used as a gateway for 
HBV vaccination among non-immunized individuals. 

Supporting Information 

Table SI Univariate analysis for testing practices and HBsAg 

positive status. 

(DOCX) 

Methods SI Complete HBV serological battery. 
(DOCX) 

Acknowledgments 

We wish to thank all study participants as well as all medical and 
paramedical centers participating in the study and the data management 
center, especially Frederic Ghau, Frederic Fotre, Isabelle Goderel and 
Gregory Pannetier. We also acknowledge Samia Hicham, Judith Lcblanc, 
Manuela Sebire and Farid Djoumad for their extraordinary effort in data 
collection at the various sites and, in particular, Hayette Rougier for study 
co-ordination. 

The OPTISCREEN-B study group: 

References 

1. Goldstein ST, Zhou F, Hadlcr SC, Bell BP, Mast EE, ct al. (2005) A 
mathematical model to estimate global hepatitis B disease burden and 
vaeeination impact. Int J Epidemiol 34: 1329—1339. 

2. WHO (2012) Hepatitis B: World Health Organization Fact Sheet 204. 2012. 
http:/ /wwwwhoint/mcdiaccntrc/factshcets/fs204/ en/. 

3. Hatzakis A, Wait S, Bruix J, Buti M, Carballo M, et al. (2011) The state of 
hepatitis B and C in Europe: report from the hepatitis B and C summit 
conference*. J Viral Hcpat 18 Suppl 1: 1—16. 

4. ELPA (2010) Report on hepatitis patient self-help in Europe. European Liver 
Patients. Association: http:/ /wwwhcpbcppaorg/wp-content/uploads/201 1/11/ 
Pvcport-on-Paticnt-Sclf-Helppdf. 

5. IOM (2010) Institute of Medicine. Hepatitis and Liver Cancer: A National 
Strategy for Prevention and Control of Hepatitis B and C. The National 
Academies Press. 

6. Mcffrc C, Lc Strat Y, Delaroequc-Astagneau E, Antona D, Desenclos JC (2006) 
Prevalence des hepatites B et C en France en 2004. http: //www.invs. sante.fr/ 
publications/2006/prevalencc_b_c/indcx.htm. 

7. Weinbaum CM, Williams I, Mast EE, Wang SA, Finclli L, ct al. (2008) 
Recommendations for identification and public health management of persons 
with chronic hepatitis B virus infection. MMWR Rccomm Rep 57: 1-20. 

8. Crutzen R, Goritz AS (2012) Public awareness and practical knowledge 
regarding Hepatitis A, B, and C: a two-country survey. J Infect Public Health 5: 
195-198. 

9. Xiong M, Nguyen RH, Straycr L, Chanthanouvong S, Yuan JM (201.3) 
Knowledge and Behaviors Toward Hepatitis B and the Hepatitis B Vaccine in 
the Laotian Community in Minnesota. J Immigr Minor Health. 

10. Tosini S, Rioux C, Pclissier G, Bouvet E (2009) Etude de perception des risques 
de l'hcpatitc virale B et de sa prevention vaccinale dans une Consultation de 
depistage anonyme et gratuit (CDAG) parisienne en 2007. Bull Epidemiol Hebd 
2009 20-21: 217-220. 

1 1 . Coates TJ, Richtcr L, Caceres C (2008) Behavioural strategics to reduce HIV 
transmission: how to make them work better. Lancet 372: 669-684. 

12. DGS (2009) Plan national de lutte contre les hepatites B ct C (2009-2012). 
http://wwwsante-sportsgouvfr/IMG/pdf/Plan_hcpatitcs_ 2009_2012pdf. 

13. Spcnatto N, Boulinguez S, Mularczyk M, Molinicr L, Bureau C, ct al. (201.3) 
Hepatitis B screening: Who to target? A French sexually transmitted infection 
clinic experience. J Hepatol 58: 690-697. 



Coordinating center: Pierre-Marie Girard, Karine Lacombe, Julie 
Bottero, Hayette Rougier, Samia Hicham, Judith Leblanc, Manuela 
Sebire, Farid Djoumad. Scientific advisors: Maud Lemoine, Joel Gozlan, 
Anders Boyd. Data management center: Fabrice Carrat, Frederic Chau, 
Frederic Fotre, Isabelle Goderel and Gregory Pannetier. 

The participating clinical site investigators are as follows: O Picard 
(CDAG Saint-Antoine Hospital), N Boo, G Muller, P Dhotte (CDAG Ville 
de Paris), V Matharan (Centre de Sante au Mairc-Volta), B Varsat, G 
Dclord (Departement des Examens Periodiques de Sante, DEPS,CPAM de 
Paris), P Cazaux (DEPS, Stalingrad site), (Centre d'examen de sante de 
l'Adulte de la CPAM de Paris, Stalingrad site), M Bary (Centre de la Croix 
Rouge Moulin Joly), MD Pauti, J Nau (Centre de Medecins du Monde, 
CASO), J Lebas, V Vasseur, O Cha (Policlinique Saint-Antoine Hospital), 
P Campa (Consultation Voyageurs Saint-Antoine Hospital), B Silbermann 
(UCSA), A Collignon (Laboratoire Saint-Marcel). 

Author Contributions 

Conceived and designed the experiments: JB AB ML FC KL PMG. 
Performed the experiments: JG AC NB PD BV GM OC NVJN PC BS 
MB. Analyzed the data: JB AB KL. Contributed reagents/materials/ 
analysis tools: JB AB MLJG FC AG NB PD BV GM OC NVJN PC BS 
MB PMG KL. Wrote the paper: JB AB MLJG FC AC NB PD BV GM 
OC NVJN PC BS MB PMG KL. 



14. Hu DJ, XingJ, Tohme RA, Liao Y, Pollack H, ct al. (2013) Hepatitis B testing 
and access to care among racial and ethnic minorities in selected communities 
across the United States, 2009-2010. Hcpatology. 

15. Perumalswami PV, Factor SH, Kapclusznik L, Friedman SL, Pan CQ, et al. 
(2013) Hepatitis Outreach Network: A practical strategy for hepatitis screening 
with linkage to care in foreign-born communities. J Hepatol 58: 890—897. 

16. Wong WW, Woo G, Jenny Hcathcote E, Krahn M (201 1) Cost effectiveness of 
screening immigrants for hepatitis B. Liver Int 31: 1179—1190. 

17. WHO (2002) Hepatitis B. http://wwwwhoint/csr/ disease/hepatitis/ 
HepatitisB_whocdscsrlyo2002_2pdf. 

18. Bottero J, Boyd A, Gozlan J, Lemoine M, Carrat F, et al. (2013) Performance of 
rapid tests for detection of HBsAg and anti-HBsAb in a large cohort, France. 
J Hepatol 58: 473^178. 

19. EASL (2012) EASL clinical practice guidelines: Management of chronic 
hepatitis B virus infection. J Hepatol 57: 167-185. 

20. DeLong ER, DeLong DM, Clarke-Pearson DL (1988) Comparing the areas 
under two or more correlated receiver operating characteristic curves: a 
nonparamctric approach. Biometrics 44: 837—845. 

21. IGF" (2010) Inspection Gcncralc des Finances. Analyse dc revolution des 
depenses au titre de l'aidc medicale d'Etat, rapport officiel http:// 
wwwladoeumentationfrancaisefr/var/ storage/rapports-publics/ 104000685/ 
OOOOpdf. 

22. Insee (2009) Reeensemcnt 2009, exploitation principalc. http://wwwinsecfr/fr/ 
thcmcs/tablcauasp?rcg_id — 20&ref_id - poptc02501. 

23. ECDC (2010) European Centre for Disease Prevention and Control (ECDC). 
Surveillance and prevention of hepatitis B and C in Europe. ECDC technical 
report, Stockholm, October 2010. http://ecdceuropacu/en/publications/ 
Publications/ 10101 2_TER_HcpBandC_survcypdf. 

24. Insee (2010) Evolution dc l'age moyen et de l'age median de la population jusqu'en 
2014. http:/ /wwwinseef r/f r/thcmcs/tableauasp?rcf_id — NATnon02147. 

25. d'Almcida KW, Kicrzck G, de Tmchis P, Le Vu S, Pateron D, et al. (2012) 
Modest public health impact of nontargetcd human immunodeficiency virus 
screening in 29 emergency departments. Arch Intern Med 172: 12—20. 

26. Scott C, Day S, Low E, Sullivan A, Atkins M, ct al. (2010) Unselected hepatitis C 
screening of men who have sex with men attending sexual health clinics. J Infect 
60: 351-353. 



PLOS ONE | www.plosone.org 



8 



March 2014 | Volume 9 | Issue 3 | e92266 



